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ABSTRACT 
A Study of Root Biomass in an Engelmann Spruce-Subalpine Fir 
Stand in Northern Utah 
by 
Larry 0 . Gadt, Master of Science 
Utah State University, 1970 
Major Professor : Dr . John D. Schultz 
Department : Forest Science 
Biomass of roots in the top 6 inches of soil profile was measured . 
This weight was then used in a stepwise multiple regression to test 
vi 
correlations between root biomass and abo,re ground mensurationa l parameters . 
Total biomass of all roots was 9822 ± 2810 pounds per acre oven dry . 
Spruce roots weighed 4417 ± 997 pounds per acre; of this spruce roots less 
than O. l2S inch diameter weighed 2023 ± 347 pounds per acre and biomass of 
spruce roots greater than 0 . 125 inch diameter was 2394 ± 8S3 pounds per 
acre . Total fir roots weighed Sl56 ± 2687 pounds per acre; of this 
roots less than O.l2S inch totaled 869 ~ 181 pounds per acre and biomass of 
fir roots greater than 0 . 125 inch diameter was 4287 :t 2653 pounds per acre . 
Low r2 (O.ll to 0 . 17) values were found and the parameters which show-
ed the greatest predictive value were (dbh)2 , dbh , basal area , (basal area)2, 
and height. 
The sampling design involved the piring of tree s over 4 inches diameter. 
Point density expressed as basal area l-Ias not useful in relating to root 
biomass Hith this sampling design . 
(57 pages) 
INTRODUCTION 
Purpose and Scope of Study 
The above ground productivity of different forest types has been 
studied by forester s for many years . Emphasis has been pla ced on tr0,ing 
to correlate this productivity with certain environmenta l factors . Except 
for studies of seedling root: t op ratios, l ittle has been done to corre-
la t e underground productivity with biomass above ground. In Europe root 
studies have been pursued rather vigorously , especially i n Germany, Fin-
la nd, and Russia. Some of these studies have been concerned with Picea 
and Abies but only a few have been translated into English . 
This study has two principal objectives : l) to determine how much 
root biomass is in the upper 6 inches of the soil profile in selected 
portions of an Engelmann spruce-suba lpine fir stand in northern Utah , 
and 2) to determine what , if any, correlations exist bet>~een root biomass 
and certain above ground mensurational parameters including height, age , 
diameter at breast height (dbh) and basal area. 
Des cription of Species 
The Engelmann spruce (Picea engelmannii Parry) - subalpine fir 
(Abies la siocarpa (Hook) Nutt . ) association is considered by some ecolo-
gists to be the western counterpart of the borea l spruce-fir association 
of eastern and northern North America (Alexander , l958a). The natural 
range of this ass ociation is extensive . It rea ches from the central 
interior valleys of British Columbia southward through t he Rocky Mountains 
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and out- lying mountainous tracts to Mexico . Locally its distribution as a 
forest type is generally restricted because both species require a cool, 
moist habitat (LeBarron and Jemison, 1953) . Precipitation is generally 
25 inches or more and the majority of this comes in the winter as snowfall, 
especially in the northern regions. In many parts of the Intermountain 
region summer rainfall is scant. This often results in the occurrence of 
a moisture deficiency in the upper portion of t he soil horizon . 
At higher elevations this forest type is found on all aspects and at 
lower elevations it is generally restricted to cool, moist pockets such 
as north slopes and valleys . 
Engelmann spruce 
Engelmann spruce is one of seven species of Picea native to the 
United States . It is a widely distributed species; extensive stands are 
found in nj.ne western states and two Canadian provinces. Its range extends 
from British Columbia and Alberta, south to New Mexico and Arizona (Fowells , 
1965) . Engelmann spruce is rated as "tolerant" by f oresters (Baker, 1949) . 
It is a s low growing species especially in the early stages of development . 
Root penetration may be as sJm; as 1 to 3 inches the first year 1;ith shoot 
growth just as slow depending on locality , condition of seedbed , and 
climatic factors (Fowell s , 1965) . This spruce is a long - l ived tree matur-
ing in about 300 years. Trees over 500 years old are not uncommon . Engel-
mann spruce has the capacity to grow well at adva nced ages - - it will continue 
to grm; steadily for 300 years if given adequate growing spac e (LeBarron 
and Jemison, 1953). 
Engelmann spruce is characterized by a shallm; root system which 
renders trees highly susceptible to windthrow . Where trees grow in bogs 
or heavy soils underlain by impervious rock or clay subsoil s , a weak, 
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superficial root system common to the seedling stage may persist to old 
age . But when spruce grows on deep, porous s oils, vertical sinker roots 
arising from the lateral roots may penetrate deeper than 8 feet (Alexander, 
l958a) . 
Subalpine fir 
Subalpine fir is one of nine species of Abies native to the United 
States . It is the smallest as well as the most widespread of the true 
firs native to the United States, and is found in widely scattered stands 
from southeastern Alaska to s outhern Arizona . In Utah, it occurs in the 
Uinta and Wasatch Mountains but rarely on the Colorado plateaus (Fowells , 
1965) . 
Subalpine fir is considered to be '' very tolerant, " more so than 
Engelmann spruce (Baker , 1949). Its seed will germinate and survi ve on 
a wider range of seedbeds than will seed of Engelmann spruce. It will 
survive on duff layers, dry soil , and other places ''here spruce has failed 
to become established, presumably because fir has a larger seed and can 
more quickly produce a vigorous root system. Establishment and early 
survival of suba lpine fir are favored by relatively deep shade and the 
species cannot compete successfully with Engelmann spruce in areas where 
light intensity exceeds 50 per cent of full sunlight (U . S . Forest Service , 
1944) . Little is published about the rooting habits of subalpine fir, but 
the majority of foresters consider it a shallow rooted species much like 
the spruce (Preston, 1966) . 
The long lived characteristic of Engelmann spruce and the ability of 
subalpine fir to maintain growth in a shaded understory has resulted in a 
definite forest structure. Frequently old growth Engelmann spruce- subalpine 
fir forests are structured with nearly pure spruce in the overstory and fir 
predominating in the understory. Costing and Reed (1932) found that in old 
gr owth spruce-fir forest in southern Wyoming, Engelmann spruce never made 
up less than 70 per cent of the total ba sal area and often more than 90 
per cent . Both species can reproduce by layering . 
REVIEW OF LITERATURE 
Weaver and Kramer (1932) made perhaps one of the first significant 
research efforts to measure roots quantitatively and compare these data 
with above ground volume. Although they did not measure the finer roots 
and they were not concerned with developing predictive equations, their 
study resulted in a better understanding of the amount of roots produced 
by trees . The species studied was bur oak (Quercus macrocarpa Michx . ) . 
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In the past 30 years considerably more effort has been made toward 
gaining a more thorough understanding of the rooting habits of forest 
grees. Hopkins and Donahue (1939), in a study of spruce and balsam fir 
roots. found relationships which were useful in understanding root ecology. 
They worked mostly with soil morphology and found that organic matter and 
soil moisture were the most important factors influencing root distribu-
tion . An above ground parameter they analyzed was tree height. but they 
found no correlation between this parameter and root length . 
Ovington (1962) noted that relatively fe>1 records of root weights 
are available and although they give similar results on the whole , 
experience in root sampling indicates that these may be seriously in 
error due to the difficulty of' ensuring that all roots are collected in 
a sample and no soil is included in the weight calculations . More recent 
refinements in root sampling techniques, as well as development of' more 
accurate laboratory procedures , have helped to eliminate a considerable 
amount of this error. Many studies since 1960 have contributed much to 
the knowledge about individual species of forest trees . Statistical 
methods in analyzing root data have aided considerably in expressing t he 
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significance of results, especially when an evaluation of correlation with 
other parameters is desired (Kozak and Smith, 1965). 
Bray (1963) credits the increased interest in roots to studies in 
Eurasia, North America, and Africa. These studies greatly increased the 
knowledge of roots and helped to dispel the reluctance to sample below 
ground systems of plants because of their assumed great depth. 
The use of above ground parameters in the prediction of underground 
\-Ieight of roots has obvious merits. If the necessary statistical par-
ameters and root weight are established, estimates of root weight can 
be made without harvesting the roots . Ovington (1962) and Baskerville 
(1966) developed regression equations using diameter at breast height 
for predicting root weights. 
Young, Strand, and Attenberger (1964) and Monk (l966b) also developed 
regression equations; however, they incl uded height as well as dbh. All 
of these studies were conducted by excavating the complete root systems 
of a number of trees and correlating root data with selected parameters . 
Re sults of these studies will be discussed in more detail la t er . 
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RESEARCH AREA 
This study was carried out on a one -fourth acre circular plot located 
on the Utah State University College Forest . A one- tenth acre plot is 
located within the quarter acre plot . These plots lie in the Southeast 
one-fourth of the Nor theast one- fourth, Section 21 , Township 13 North , 
Range 4 East , Salt Lake Base Meridian . The one -quarter acre circular 
plot is identified as plot D- 10 of the permanent study plots which were 
established in the summer of 1950 to evaluate growth , mortality, and 
other parameters on the College Forest (List , 1959) . Table l conta ins 
data which aid in understanding the species composition of the plots . 
Table l . Summary information from the one -fourth and one - tenth acre 
plots a 
Number Average Average 
of height diameter 
Plot stems (ft . ) (in . ) 
F s F s F s 
one- fourth acre 34 12 50 6) JO .lc 16 .8 
one-tenth acre 12 7 48 71 9 .4 17 . 2 
aincludes trees 4.0 inches dbh and larger . 
bF= subalpine fir ; S= Engelmann spruce . 
Basal Per cent 
area of total 
(sq . ft . ) basal area 
F s F s 
23 . 95 .22. 84 51.2 48.8 
7. 54 14.15 34 .8 65 . 2 
Aspect of the plots is east and the s lope is 6 to 8 per cent . The 
elevation of the site is approximately 8,000 feet . This higher elevation 
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along with aspect and soil prof i le result in this site being classified by 
Pflugbeil (1960) as "best " with the following categories : best, good, 
fair, and poor . 
Soils information from the College Forest is limited ; however , the 
study plot is considered an alfisol . The soils are coarse to gravelly 
j_n texture and have clays intermingled . They can be compacted easily 
if moist . 
METHODS 
In the l ate spring and early summer of 1969 the study plot was 
map}ed by means of a plane table with an open sight alidade . All stems 
abo\e 1 foot in height were mapped. Figure 1 is a stem map of the plots . 
The outer circle includes the one- quarter acre plot and the inner circle 
is the one- tenth acre sampl ing plot. A complete list of stems is found 
in 1abl e 6 in the Appendix . Each stem was tagged as it was mapped to 
prevent double coverage . 
Diameter at breast height measurements were made with a tape . 
Height data were collected using an Abney level for stems over 8 feet 
high and for stems shorter than 8 feet measurements were made directly. 
Dbh 'lleasurements t-lere not taken on trees shorter than 8 feet tall. 
Because relatively few trees on the plot wer e larger than 4 inches 
dbh, the most efficient and accurate way of age determination was by 
dire't boring o.f trees on the pl ot . Complete increment cores were taken 
on all trees on which the center could be reached with an 8- inch borer . 
On brger trees, a core was taken as deep as penetration was possible, 
and ~hen extrapolation was used in determining age o.f tree . Admittedly 
ther• is a source of error using the extrapolation met hod . The cores 
were taken to the laboratory and rings were counted using a stereozoom 
micr ,scope . The age thus determined was the age at breast height and 
not ·.he tota 1 age of the tree. Oosting and Reed ( 1952), in a closed 
.fore:t in \iyoming, found that Engelmann spruce trees 4 to 6 feet tall 
were45- 75 years old. Subalpine .fir trees in the same height range were 
35-5o years old . 
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Field Sampling Procedure 
Sampling of roots generally is done by one of four methods : 
l) hydraulic excavation of entire root systems, 2) excavation of a mono-
lith or soi l block, 3) injection of ra dioactive isotopes or tracers, and 
4) collection of soil cores . The fourth method was the one chosen for 
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this study. This method has possibly the most versatility of all the 
methods used in collecting quantitative data . The soil core procedure in 
root sampling Has developed by agricultural and range scientists (Schuurman 
and Goedewaagen, 1965), and it is particularly useful in the surface layers 
of the soil profile with which this study was concerned . It repre sents a 
fast a nd efficient means of obtaining root samples . Finer roots are not 
lost and this alone can represent a considerable amount of weight in t he 
upper horizons of the soil profile. 
The sample core used was 6 inches in depth and 6 inches in diameter 
(0 . 1 cubic foot), and it was attached to a 11 T11 handle . This sampler was 
forced into the soil to the desired depth and then a shovel was forced 
underneath to cut off any roots which were below the core and to leave 
only those roots which were contained within the core. The entire core 
was then lifted and placed in a plastic bag for transporting ~b the lab-
oratory . If an obstruction prevented the core from penetrating deeper , 
the shovel Has used to f ind the obstruction. If t he obstruction was a 
rock or other non- living root material it was pulled out and the core 
forced the remainder of the 6 inches . If the obstruction was a large 
root, then a pair of ordinary pruning shears !-las used to sever the root 
s o that the core could pass by and include that portion of the root which 
was inside the core . In this manner the top 6 inches of the ground surface 
were included in the sample 1;hether it consisted of rock , soil , or roots . 
Field Sampling Design 
In the majority of root studies the problem of where and how to 
sampl e is difficult to solve . Because of the uniqueness of the sampling 
design used in this study a rather detailed description >;ill be given . 
All of the samples were taken with the one- tenth acre plot shown 
in Figure 1 . The outer circle representing the one -quarter acre plot 
contained trees from which data were obtained in order to evaluate dif -
ferent parameters in the regression analysis . All trees within the one-
tenth acre which had a diameter at breast height of 4 inches or greater 
were paired in as many combinations as possible . The number of trees 
was 19 and this resulted in 171 pairings. Each of the 171 pairings was 
then given a number and 60 numbers were randomly selected to determine 
where the samples Hould be taken. The sample selected , representing a 
pair of trees, was then taken midway betl<een these two trees. A sample 
point that fell within t>;o times the diameter of any tree was moved per -
pendicular to a line drawn between the trees until it <las outside this 
area . The elimination of an area which is within two times the diameter 
of a tree, from the center of that tree, was done to avoid the very large 
superficial, lateral roots . Future studies may determine the biomass of 
such roots. A considerable amount of time and money will be needed to 
measure accura tely t he root biomass in the spruce-fir forest association . 
Figure 2 is a map showing the location of the 60 sample points and the 
trees used in the pairing . 
Laboratory Methods 
After the samples were taken and transported to the laboratory in 
plastic bags they were placed in containers . A 2 per cent solution of 
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calgon (sodium hexametaphosphate) was then added and the mixture allowed 
to soak for 12- 18 hours . The variation in soaking time was necessary in 
order that samples which contained more clays could be separated ea sily . 
Calgon aids in the sepa ration of soil particles from the roots and the clay 
particles were difficult to separate from the roots . If longer soaking 
time was allowed the roots sta rted to decompose and this made identification 
difficult . 
Following soaking, the container and its contents was placed on a 
shaking table and all01•1ed to agitate on the low cycle for l minute . When 
a longer agitation was allowed the gravel particles in the mixture acted 
as an abrasive and removed the outer bark, resulting in identification 
being difficult if not impossible. 
When agitation had been completed the mixture was next placed in a 
sink on a series of screens: 4, 6, and 3 squares to the inch. Water was 
gently flushed over this mixture until the soil particles had been removed 
and only the coarser gr:a:el particles and roots remained. The roots were 
then separated from the rocks with a pair of tweeze rs . In this manner the 
roots were separated with a minimum of damage and loss . Although a few of 
the very fine roots were undoubtedly lost, the loss was held to a minimum . 
Roots were placed in a beaker of water for identification and size dif -
ferentiation . 
Identification was carried out with the aid of a sterozoom microscope . 
Gilbertson , Leaphart, and Johnson (1961 ) developed a key for identifying 
roots of the major conifers of the Inland Empire . Their key was useful 
in this study for macroscopic purposes because only two tree species 
were present . The microscope >Vas not used for microscopic vlork but rather 
for a more detailed examination of macroscopic characteristics . The follow-
ing characteristics were used to differentiate snecjes : outer bark. resin 
ducts , and annual rings . Engelmann spruce has an outer bark which is 
conspicuously scaly with broad linear t o platelike scales; resin ducts 
are present in the wood; and annual rings are indistinct. On the other 
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hand, subalpine f ir has an outer bark which is smooth or with narrow 
shredlike scales; it has conspicuous resin pockets; resin ducts are not 
present in the wood ; and annual rings are more distinct (Gi lbertson, et al . , 
1961). Because only t>~o species were involved the outer bark character -
istics were the ones most used . Care exercised in the separation of soil 
from the roots resulted in the majority of the finer roots remaining at-
tached to the larger roots. This aided in the identification and any roots 
which could not positively be identified were placed in the category "other ." 
Only l ive roots were identified and l ater >Jeighed . Characteristics 
used to differentiate the dead from live roots were : elasticity, color , 
and ease of separating cortex . Live roots are elas tic enough so that they 
do not break easily while dead roots break off easily when handled . Live 
roots are greyish in color especially when the outer cortex is separated 
from the inner bark or cambium; dead roots are generally dark brown in 
color throughout the root . The outer cortex separates or can be peeled 
from the cambium on live roots while i t is difficult to sepa rate the outer 
cor t ex from inner cells on dea d roots. 
Following separation and identification of the roots by species they 
were sorted into two size classes, those less than 0 .125 inch in diameter 
and those 0.125 inch and greater . In this manner a cl earer picture of 
the biomass of smaller roots is possible. The roots were then placed in 
an oven and dried for 48 hours at 70 C. After drying , the roots >Jere 
immediately weighed to an accuracy of one hundredth gram . A complete 
listing of the sampl es along with the weight of each size class is 
included in Table 7 in the Appendix . 
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Methods Used in Obtaining Data for Regression Analysis 
Since it was desirable to evaluate different mensurational parameters 
in the stand and their relation to root biomass, data were collected from 
the trees surrounding each sample point. Because all of the sample points 
were mapped as well as the lo cation of all stems, the data were assembled, 
using the map, in the laboratory . A circle representing a 30-foot radius 
was drawn around each sample point and all trees 4 inches dbh and greater 
included within this area were recorded . A smaller circle representi ng a 
15-foot radius wa s then drawn and all stems s maller than 4 inches dbh were 
recorded . The data were then taken from the field sheets for individua l 
trees and recorded on the sheet representing each sample . An example of 
the data sheet used for each sample i s given in Figure 4 in the Appendix. 
Because it was desirable to have the results in a form that could be re-
viewed, all calculations on the sample sheets were performed on a manual 
calculator . 
Methods Used in Obta ining Data for Point Density 
So that the effects of different trees on a point within the stand 
could be evalua ted a different method was used in obtaining data. An 
optical wedge with a basal area factor (BAF) of 20 was used to count the 
number of trees included within the acceptable distance around 20 randomly 
selected sample points . The number assigned to each tree was noted and 
the dbh was later recorded. Point dens i ty wa s measured by a method dis -
cussed by Spurr (1962) . Because this method takes into consideration not 
only the size of the tree but also the dista nce from the sample point , it 
is considered responsive to changes within a small area. The distance from 
the sample point to the individual t rees was found by taking measurements 
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off the sample point map shown in Figure 2 . 
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STATISTICAL ANALYSIS 
Biomass data from the 60 root samples were analyzed so as to detect 
the amount of variance . Variance of total weight was analyzed as well as 
variance for roots less than 0 . 125 inch diameter . The total weight of 
roots per acre for each size class was determined with stated confidence 
level and error. 
A stepwise multiple regression was run with the different parameters 
selected as independent variables and root weights as dependent varj.ables . 
This program (SMRR) was in the FORTRAN language and was already present 
in the Utah State University Computer Center in the IBM 360 computer. 
The data and format cards were punched so that this program could be 
utilized . The dependent variables selected were : 
dbh dbh x age age 
(dbh) 2 height basal area 
dbh x height (height)2 (basal area )2 
(dbh) 2 x height age x height 
The dependent variables used in the regres sion were : spruce, fir, 
and total root biomass less than 0.125 inch diameter; spruce , fir, and 
total root biomass 0.125 inch and greater; total spruce root biomass, 
total fir root biomass, and total root biomass . 
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RESULTS AND DISCUSSION 
Sample Variation 
Ten preliminary samples were taken early in the study to aid in 
unders tanding the amount of varjation present in the population of roots. 
These samples, along with the 60 study samples, indicated that the varia -
tion was large and many samples would be necessary to predict root weight 
. with the accuracy that is associated Hith studies involving above ground 
biomase . Table 2 shows the variation encountered in this study . The 
largest statistical error encountered was in the biomass of subalpine 
fir roots greater than 0.125 inch diameter . Only 32 of the 60 samples 
had roots of this size class. These roots had a mean Height of 8 . 77 
grams . Several Heighed over 30 grams, and one sample Heighed over 131 
grams . The variation from this low mean was large. Roots of Engelmann 
spruce which were larger than 0 .125 inch diameter varied in their weight 
distribution up to 36.17 grams . Engelmann spruce roots larger than 0.125 
inch diameter were present in 39 of the 60 samples . It was noticed both 
during the sampling and identification of the roots that the Engelmann 
spruce had a greater range of root diameters than did the subalpine fir . 
Many sizes of Engelmann spruce roots were observed in the same sa mple, 
1>1hile subalpine fir generally had one size or the other present . Thirty-
seven of the 60 samples contained both size classes of spruce while 30 
contained both size classes of fir. These characteristics may indicate 
that Engelmann spruce has a more uniform and extensive branching habit 
than subalpine fir . Hopkins and Donahue (1939) found similar results in 
working with balsam fir and an unspecified species of spruce . Many very 
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Table 2 . Summary of mean root biomass data and variance 
Mean of 60 Standard error 
samples in Va riance of the mean in Per cent of 
Size class grams in grams grams 8 the mean 
Total bj omass 
of all rootsb 20 .10 709 .22 5 . 75 28 . 6 
Biomass of all spruce 
and fir roots greater 
than 0 . 125 inch dia . 13 .51 725 .00 5 .80 42 . 9 
Bioma ss of all spruce 
and fir roots smaller 
than 0 ~125 inch dia . 5 . 92 19 .42 0.95 16 .0 
Biomass of all spruce 
r oots 9. 04 90 . 19 2.04 22 . 5 
Biomass of all fir 
roots 10. 55 650 .4 7 5 . 50 52 . 1 
Biomass of spruce roots 
greater than 0 . 125 inch 
dia . 4 . 90 67 . 23 l. 77 36 . 7 
Biomass of fir roots 
grea t er than 0 .125 inch 
dia . 8 . 77 633 .44 5 .43 61.9 
Biomass of spruce roots 
less than 0 . 125 inch 
dia . 4 . 14 11.52 0 . 7l l? . l 
Biomass of fir roots 
less than 0 . 125 inch 
dia . l. 78 3 .02 0. 37 20 . 8 
a95 per cent confidence level 
brncludes roots other than spruce and fir . 
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small subalpine fir roots were found branching directly off much larger 
roots while Enge lmann spruce roots were generally connected to a root only 
slightly l arger . Table 3 is a tabulation of the amount of roots present 
in the upper 6 inches of soil in this forest association on a per acre 
basis . These data apply to a limited area but they i llustrate how the 
weights of roots of the two species are distributed in the top 6 inches 
of' the soil . 
Table 3. Root biomass and standard error of the mean in the top 6 inches 
of soil prcfilea 
Species and size class 
Total biomass of all roots 
Total biomass of roots less 
than 0 . 125 inch dia . 
Total biomass of spruce roots 
Spruce roots less than 0.125 
inch dia . 
Spruce roots greater than 
0.125 inch dia. 
Total biomass of fir roots 
Fir roots less t han 0 .125 
inch dia. 
Fir r oots greater than 
0 . 125 inch dia • 
Other 
a95 per cent confidence le,rel 
Biomass in 
pounds per 
acre oven 
dry 
9822 
2904 
4417 
2023 
2394 
5156 
869 
Standard error 
of the mean in 
pounds per acre 
oven dry 
2810 
464 
997 
347 
853 
2687 
181 
2653 
bMean and standard error of the mean were not calculated . 
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Although the standard error of the mean is large in some of the esti-
mates in Table 3, a comparison can be made with other studies concerned 
~<ith root biomass . 
Rodin and Bazilevic (1966) estimated the root biomass in the coni-
ferous forest of the temperate zone to be between 19, 000 and 53,000 pounds 
per acre. This large variation can be accounted for by the many different 
species which are included in this broad classification . Baskerville (1966) , 
studying a mixed stand of balsam fir and white birch , estimated the fir root 
biomass at between 23,800 and 39,000 pounds per acre depending on the number 
of stems . With both species included, the biomass varied between 34,600 
and 41,000 pounds per acre . Baskerville did not measure roots smaller 
than one-sixteenth inch diameter but estimated their biomass at between 
3,860 and 5,260 pounds per acre . Box (1968) estimated the root weight of 
loblolly pine at 12,906 pounds per acre . Loblolly pine is considered a 
shallo>J rooted species with 83 per cent of its total root biomass occurring 
in the upper 18 inches of the soil. Few roots reach a depth of 48 inches . 
Box also found the majority of the root biomass occurred in the 0 to 0 .125-
inch size class nearest the surface. Engelmann spruce and subalpine fir 
possibly produce larger lateral roots and this would be a greater contri-
bution to biomass , particularly around the base of the tree . This area was 
not measured. 
The great amount of variation encountered in this study can be used 
as an indication of the number of samples needed at designated confidence 
levels. lia 95 per cent confidence level is desired plus or minus 10 per 
cent , then 494 samples are necessary to sample the total root biomass . If 
only the information from roots less than 0 .125 inch diameter is wanted, 
then 154 samples are necessary . The tremendous difference in the number of 
samples required for the different sizes of roots may warrant the development 
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of differ ent sampling procedures for l arger roots . The amount of labor in-
vol ved in one sample of the size used in this study was about one to one 
and one-half man days. The use of pressurized water or air may prove to 
be a mor e useful and efficient method for studying the larger roots . 
Regression Analysis 
A stepwise multiple regression was run on the different dependent 
var iable s against a set of eleven independent variables. In this program 
the f irst r egression was run on all eleven independent variables . The 
r egression was next run on ten independent variables, and the one elimi-
nated was the variable whi ch contributed least to the previous equation . 
This process was continued until only one vari.able was left. Coefficients 
are given for each regression as well as the r2 value. In order to test 
f or significance an "f" test was run on each variable . The set of variables , 
which had the highest significance along with an r2 value which was compat-
i bl e, was selected as the most efficient equation f or predicting root 
we i ght of that particular dependent variable . Table 4 is a summary of 
these equations . 
The low r2 values found in this study illustrate that the independent 
variabl es used for each equation account for very little of the total vari-
ation present in the root biomass. Since most of the independent variables 
used 1>ere measurements which are easy to take and are relatively standard-
ized, it is assmned that a large amount of the variation was not measured 
rather than there being significant errors in the collection of data. If 
indexes coul d be developed fer factors such as above ground or underground 
competition it is probable that the r 2 values coul d be increased signifi-
cantl y . Ferril l and Woods (1966) f ound that a competition index i n re -
gression analysis increases the precision. This indicates that root 
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Table 4. Summary of regression analyses 
Dependent variable 
Biomass of spruce 
roots less than 
0 . 125 inch dia . 
Biomass of spruce 
roots greater than 
0 . 125 inch dia . 
Biomass of all 
spruce roots 
Biomass of fir 
roote less than 
0 . 125 inch dia. 
Biomass of fir 
roots greater than 
0 .125 inch dia . 
Biomass of all 
fir roots 
Biomass of all 
roots greater than 
0 .125 inch dia . 
Biomass of all 
r oots 
Prediction equations 
1'=5 . 42 + o .oo016 [(dbh)2x ht .}'-::- + o.ooo29 
. (dbh X ht. )':Hf_0 .433(BA )2'H'- O. Ol0(dbh)2oH:- 0 . 12 
Y=l.38 + 0.00005 [ (dbh)2x ht .) -::--::-::-- 0 . 00009 
(age x dbh )'Hf_ 0 . 00009(age x ht . )'Hf 0 . 17 
Y=-6 . 24+ 0 .480(dbh)'::-:;-::--0 . 040(BA) 0 . 14 
Y=-5. 27 + 0 .47(dbh/HH:-- 0 . 037(BA) O. lJ 
~=-5. 50 - 0 . 20 [ (BA)2J .g. + 0 . 0004 L (dbh)2x 
ht ] -)Hf + 0 . 0004 (dbh X ht . ) 0 . 15 
Y= - 10 . 32 - 0 .02 [(BA)2J "* + 0 .0004 C( dbh)2x 
ht .] -)Hf + 0 . 0004 (dbh X ht . ) 0 . 14 
~:-" Significant at the 90 per cent level 
_"_"_ Significant at the 95 per cent level 
-:HHfSignificant at the 99 per cent level 
interference by adjacent trees is important in determining root extension. 
Their work >las performed in a longleaf pin plantat i on. The all- aged 
structure of the Engelmann spruce-subalpine fir forest may result in this 
competition index being more difficult to develop; however, its importance 
may be greater . 
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According to Smith (1964) , dbh and crown width were significantly 
correlated with lateral root spread. Since roots occupied only 20 per cent 
of the area studied, he considered crown competition more important than 
r oot competition . Perhaps this is true of even-aged, uniform stands of 
intolerant species; but, in an all- aged forest where different sizes and 
ages of trees compete for the same moisture and nutrients, root competi-
tion may be more severe. 
When all eleven independent variables were used to predict the de-
pendent variables the highest r2 value found was 0 .27 with only two of 
the variables having significance of 0.90 or better . The extra amount of 
work necGssary to collect and manipulate the data is hardly justified . 
Twenty- nine independent variables were used in predicting the eight de-
pendent variables . Of these 29, (dbh)2 and height accounted for 14 . The 
only field measurements necessary for 27 of the 29 are dbh a nd height. 
Age wa s the other variable and it was then in combination with the variables 
height and dbh . This situation is similar to that described by Smit h (1964) . 
He found very little additional accuracy obtained by i ncluding vari ables 
other than crown width and dbh . 
With the low r 2 values a fluctuation in the plus or minus value of 
the same coefficients for predicting root weight of the same species ca n 
be explained . With such a small amount of variation being expla ined the 
fluctuation in values can result in the same i ndependent va riable havi ng 
a different value when i t is being used to predic t we i ght of the sa me 
species . An example of this is that (dbh)2 has a minus value when used 
in predicting biomass of spruce roots greater than 0 . 125 inch while it has 
a plus value in predicting biomass of spruce roots greater tha n 0 . 125 inch . 
Another possible explanation of this change is that the predictive value 
of a variable can change when used to predict different sizes of roots 
of the same spec ies. Young, Stra nt, and Attenberger (1964) found this 
l atter explanation in their study of red spruce and balsam fir in Maine. 
They found the value of height changed when it was used to predict bio-
mass of large roots and fine roots in both species . 
Interpretation of data of this nature must be handled with care . 
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The high significance of most of the independent variables used in the 
final predictive equations is shown in Table 4. These highly signilificant 
va l ues must not be interpreted without looking at the r2 values associated 
with each equation. The significance value is the level of significance 
each independent variable has in that particular equation, even though a 
very small amount of the varia tion is being measured. The r2 value must be 
taken into consideration in these equations to prevent misinterpretation. 
Point Density 
Spurr (1962) discusses the value of measuring density , expressed in 
ba sal area, at a point in the stand rather than the density of the stand 
as a whole. A brief description will be given here of the angle summati on 
method and if more detailed information is desired the reader is referred 
to Spurr's article. 
The use of the Bitter lich angle count method of determining basal area 
is a fast and efficient way of obtaining information which is adequate for 
timber cruising purposes, etc . However, this method is not responsive to 
changes within a small plot that might be r ef lected on a particular point 
in the plot. The angle count method counts the trees which exceed an 
angle determined by the diopters of the wedge 1<hich is bei ng used. This 
method does not tell how far each tree exceeds the angle, only that it 
does exceed the angle. The fol1m-1ing example illustrates the deficiency 
of this method. If ten trees each had an angle greater than the wedge 
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and the trees were all within a few feet of the wedge, their effect on the 
point being measured is considerably different than if the trees were on 
the periphery of the maximum distance acceptable using that wedge . The 
angle count method would show that the basal area at that point i s the 
same in both i nstances although the influence of the t rees on that point 
would be considerably different in the two situations. 
The angle summation method takes into consideration the distance of 
the trees from the point being measured as well as the size of these trees. 
Table 5 i llustrates the steps performed in the calculations . These calcu-
lations Here made on each of the 20 sample points selected to measure 
point density. Actual estimate of basal area is obtained by summing 
column nine and dividing by n number of trees. 
HoH many trees to use in the calculation of the basal area in point 
density is a problem that is different Hith each species used . Spurr (1962) 
found in working with Douglas-fir i n New Zealand that eight Has the proper 
number to use. If too many trees are used the results are indicative of 
stand density rather than point density . If too few trees are used the 
results are so erratic t hat a very inaccurate basal area may be chosen . 
After a certa in number of trees is included the basal area has a tendency 
t o gradually increase or decrea se depending on the particular situation . 
Spurr suggested that the point of t aper ing off be chosen as the number of 
trees t o use . If more trees are included the extra work would not be 
warranted and the results may be indicative of stand density and not point 
density . Of the 20 sample points at which point density 1-1as measured, 16 
shoued a definite tapering off of basal area at six or seven trees . A 
lesser number of t rees shm>ed the typical erratic results . At the points 
where the results Here the most erratic it was observed that a tree was 
very ~lose to the sample point . This resul ts in a very large basal area 
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Tabl e 5. Angle summation estimate of point density 
l 3 7 9 
Rank Dbh Dist . Dbh (fbh 2) Col. 5 Col. 6 Col. 7 BA 
n (in .) (ft . ) Dist. Dist . X n-~ commul. n (sq .ft . ) 
l 3!J.3 12 . 0 2.858 8.168 4.084 4 . 084 4 . 084 311 
2 7.0 6.5 1.077 1.160 l. 740 5 . 824 2 . 912 222 
3 26 . 1 26.5 0 . 985 0 . 970 2.425 8.249 2 . 750 210 
expressed by that tree on the point. The remaining trees were much lower 
in basal area and more trees were needed to observe the tapering off 
effect . 
Although it was found that a characteristic tapering off was evident, 
the relationship between point density (basal area) and root biomass was 
not clearly illustrated, Figure 3 sho>>s how unstable the relationship 
between point density and root biomass is when the individua l estimates 
of point density at the 20 sample points are plotted against the weight 
of roots at the same 20 points. 
Because of the greater variation in total root biomass, the biomass 
less than 0.125 inch Has also plotted. Both sets of these biomass da t a 
shoHed no relationship to point density . 
Discussion of Field Sampling Design 
Root sampling points were sel ected randomly in order to eliminate 
any bias in trying to avoid certain area s within the one- tenth nero tJLot . 
It is not meant that 171 samples is the maximum number of possible sample 
locations. That number, however, is the maximum for the particular design 
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chosen. Many variations of this method, such as systematic placement of 
sample points alo:1g a line drawn between the paired trees, could be used 
if a large sample size (n) were desirable. A list of the 60 samples, the 
trees paired , and the number assigned to each pairing is included in 
Table 8 in the Appendix . 
In Figure 2, it can be seen that with the pairing of trees in s<Jm-
J l ing certa in areas of the plot might be excluded from sampling . This is 
particularly evident around tree number ll which is the largest tree on 
the plot . Also the periphery of the plot is generally eliminated because 
of the circular shape of the plot ·and few trees being on this outer 
boundary . 
Wherever the largest concentration of trees is located is where the 
largest number of samples is located. This will prevent a large number 
of samples being taken in an area where no trees are located , such as would 
be the case if sampling were done on a stratified areal basis. However, 
each tree resulted in an equal number of possible pairings regardless of 
its size and this resulted in many samples being taken where a larger 
number of smaller trees tvas loca ted, and fewer samples were taken where 
the few large trees >lere located . The exclusion of an area around the 
base of the tree resulted in a small per cent ( l. 9) of the tota l sampling 
area being eliminated. This would fluctuate according to the number and 
size of stems per acre that are present for the species studied . 
CONCLUSIONS AND RECCNMENDATIONS 
Although it is difficult in prelimi nary studies t o develop definite 
idea s about a particular ecosystem, many answers can be found which con 
add to a n understanding as well as to the development of guidelines for 
future studies . 
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The variation encountered in the root bi oma ss of this Engelmann 
spruce- subalpine fir association is relati,rely large if cons idered on a 
total basis . If the variation is ana l yzed according to root size h01·1evc 
the dis tribution of this variation is better understood . The large number 
of samples required for total root biomass , 494, is more than three times 
the 154 required for roots less than 0 .125 inch diameter . Both of these 
sample numbers are at the 95 per cent confidence level plus or minus 10 
per cent error . If the confidence level NQ s dropped to 90 per cent , the 
number of samples required for total biomass would be reduced to 298 for 
total biomass : and , for roots less than 0 .125 inch, the number is 93 . 
With such large va riations encountered in r oot biomass, future studies 
may be forced t o accept lower than the usual 95 per cent plus or minus 
10 per cent error so that the sampling task is not as large . With the 
variation distributed as it is, there is a need to use a different s am-
pling procedure f or the roots larger than 0 .125 inch diameter. 
In order to reduce loss of the fine roots,the core method appears to 
be the best method for extracting these roots. However, .for the larger 
roots, rarticularly around the base o.f t he t ree , a different method 
wherein forced air or water are used to dislodge s oi l from roots would be 
more advantageously used. Stoeckeler and Kluender (1938) , !1cl1inn ( 1963) , 
and Singer and Hutnik (1965) used pressurized water to excavate roots of 
Dougl as -fir, red pine, and other plants . Because there are no large 
bodi es of water present on the College Forest to supply water , the use 
of pressurized air might be the most efficient means. If this were done 
in late summer the soil moisture would be at a low point and clay soils 
could be separated from roots more easily . 
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Of the ll parameters analyzed for the i r correlation with root biomass , 
fi ve showed a slight relationship and six were found to be insignificant . 
The five found >Jere (dbh)2 , dbh , basal area , (basal area)2, and height . 
With these five parameters only t1-10 field measurements are necessary--
height and dbh . Young, et al . (1964) found that height and dbh were the 
most important parameters in predicting root weights of seven species of 
Maine hardwoods and softwoods. The r 2 values found in this study were 
l ow in comparison to those of Young , et al . (1964), Baskerville (1966), 
and Monk (l966a , l966b). Their r2 values ranged between 0 .50 and 0 . 96; 
however , their studies involved the removal of as much of the roots as 
possible by excavation . The greatest variation may be in the top 6 
inches . Complete removal of entire trees results in higher r2 values, 
but the disturbance is such that this method may have limited usefulness . 
Total root biomass found in the t op 6 inches of soil in a stand of 
Engelmann spruce-subalpine fir was 9822 ~ 2810 pounds per acre at the 95 
per cent conf idence level, with the exclusion of the area around the base 
of the tree and all roots below the 6- inch depth. The total spruce root 
biomass was 4417 ~ 997 pounds per acre. Spruce roots less than 0.125 inch 
were 2023 ~ 347 pounds per acre . The total fir root biomass was 5156 + 
2687 pounds per acre . Fir roots less than 0 .125 inch were only 869 ~ 181 
pounds per acre . 
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The great difference observed in the bioma ss of small spruce and fir 
roots can have competitive significance. Small roots are very important 
in absorbing moisture and nutrients. Because of their small size , the 
abs orptive surface is large in comparis on with the weight. Kramer (1946) 
found that the larger suberized roots of shortleaf pine absorb mois ture 
but only during periods of moisture stress and slow growth of new root 
hairs . 
Beca use root biomass is s o vari.able (Figure 3 ) point densi.ty ex-
pres s ed as basal area is not sufficiently sensitive . Sixteen of the 20 
sample points s howed a tapering off of basal area at six or seven trees . 
Point density !llay have value in expressing ecological situations pertain-
ing to other aspects of tree grm;th , but it had limited usefulness with 
the sampling design used in this study . 
The sampling design and procedure used in this study appear to be 
adequate and adaptable to many forested situations. Any number of samples 
desired may be taken . Pairing of the trees results in the elimination of 
bias in the exac t location of the sample so that unfavorable sampling points 
are included . 
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Table 6 . List of trees on one- fourth acre plot 
Dbh Height Age Basal area 
Tree numbera Speciesb (inches) (feet) (years) ( sq . ft . ) 
11 s 34 .3 108 .0 320 6. 414 
A F 3 . 1 14 .0 0 . 052 
B F c 3.8 
c F 4 .4 
D F 1.6 5 .4 0 .014 
E F 2 . 7 13 .8 0 .040 
F F 2 .2 
lO s 26 . 1 81.0 174 3. 719 
G F 3. 7 0 .075 
H F 5 . 7 26 .0 0 .177 
I F 3.6 7.3 0 .071 
14 s 23.1 95 .0 150 2 . 910 
J F 4 .0 16.0 115 0 .087 
F 2.4 12 .0 0 .031 
K s 1.5 6 .5 0 . 012 
L F 2 . 4 
12 F 7.0 23 .0 59 0 . 267 
M s 2 . 9 0 .046 
8 F 21.1 103.0 120 2 .428 
9 F 15 .5 99 .0 81 1.310 
N F 2 .8 
0 F 3.3 6.5 0 .059 
13 F 4 .0 22 .0 60 0. 087 
2 F 13 . 1 69 .0 52 0.936 
1 F 6. 3 26 .0 59 0 .216 
p s 2 .2 0 .026 
Q F 2.5 0 .034 
F 1.7 0. 016 
16 s 17 . 9 80 .0 130 1. 748 
20 s 19 .0 83.0 115 1 .969 
21 F 12 . 6 63 .0 45 0 .866 
R F 3.3 
27 s 21.4 87 .0 131 2.498 
s F 4 .0 
T F 3.5 
u F 2 . 2 4 .6 0 .026 
v F 3.1 
., F 4 .3 
X F 3 . 4 
y F 2. 9 
z F 2 .8 
Al F 3.0 
F 1.8 
Bl F 2 .8 10 .0 0 . 043 
Cl F 3 .1 
Dl F 1.6 6. 2 0 .014 
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Table 6. Continued 
Dbh Height Age Basal area 
Tree numbera Speciesb ( inches) (feet) (years) (sq. ft . ) 
El F 1.8 5.7 c 0. 018 
Fl F 1.2 5.4 0.008 
26 s 7.0 25 .0 49 0 .267 
25 s 8 .4 48 .0 67 0 .385 
G1 F 5.9 24 .0 46 0 . 190 
Hl F 8 . 9 47 .0 0 .432 
Il F 3 .4 18 .5 0 .063 
Jl F l. O 10 .0 0 .006 
32 F 5.0 20 .0 39 0 .136 
K1 F 2.2 8. 8 0.026 
Ll F 4 .4 22 .0 37 0 .106 
Ml F 0 . 8 5.2 0.0003 
Nl F 2.6 4 . 7 0 .037 
Ol F 2 . 8 6.4 0 .043 
P1 F 1. 8 7.5 0.018 
Ql F 6.0 25.0 40 0 .196 
Rl F 4.2 22 . 0 33 0.096 
Sl F 3.8 0.079 
Tl F ll.l 5L .o 49 0 .672 
Ul F 2 . 6 10 .0 0.037 
Vl F 3 .1 13 .0 0 .052 
w F 3.6 0 .. 071 
F 2 .8 0 .043 
Xl F 4.9 22 .0 44 0 .131 
Yl F 1. 3 9.1 0 .009 
19 s 12 .6 69 .0 96 0.866 
30 s 14.9 77 .0 lll 1.211 
Zl F 8.5 31.0 36 0.394 
A2 F 0.9 5 .1 0.0043 
B2 F 2 .2 
C2 F 2.8 
D2 F 1.3 9.0 0 .009 
E2 s 3 . 9 9.0 0 .083 
F2 F 7.2 33 .0 32 0 .283 
F 3.0 10.0 0. 049 
G2 F 3 .0 
H2 F 2 .1 9 .0 0.024 
15 F 22 . 1 100 .0 114 2 . 664 
12 F 3 .2 12 .0 0.056 
F 2 .4 5 . 6 0.031 
J2 F 7.2 51.0 0 .283 
K2 F 4.3 
I2 F 2.5 
N2 F 4 .4 
N2 F 1.2 
02 F 3 . 1 20 .0 0 .052 
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Table 6 . Continued 
Dbh Height Age Basal area 
Tree numbera Speciesb (inches) (feet) (years) (sq . ft . ) 
P2 F 1 . ~ 7.6 c 0 .012 Q2 F 4.9 19 .0 43 0 .131 
R2 F 10 .2 56 .0 0. )68 
S2 F u .s 66 .0 so 0. 721 
T2 s 7.6 42.0 66 0 . 315 
U2 F 7.3 39 .0 0 . 219 
V2 F 3.5 17 .0 0 .067 
W2 F 2.6 13 .0 0 .037 
F 2 .0 0 .022 
22 F 12 . l 60 .0 67 0 . 799 
31 F 6 .0 24 .0 59 0 . 196 
23 F 24 .3 82 .0 144 3 .221 
X2 s 9.9 33 .0 77 0 .535 
33 F 16 .0 53.0 95 1.396 
Y2 F 11.9 70 .0 49 0 . 772 
Z2 F 11.9 68.0 0 . 772 
4 F 14 .2 78.0 1 .100 
A3 F 10 . 7 54 .0 0 . 625 
s F 17 .4 76 .0 1.6)1 
6 F 16 .6 74 .0 1.)03 
B3 F 2 0 7 13 .0 0 .040 
03 F 2 .5 8.5 0;034 
D3 F 3.1 9 .5 0 .052 
E3 F 2.3 7.5 0.029 
F3 F 2 .2 3 .5 0 .026 
G3 F 3.0 8 .0 0. 049 
H3 F l.O 6 .0 0 .006 
I3 F 3. 1 18 .0 0 .052 
F 3.3 15.0 0 .059 
J3 F 3.0 
K3 F 2. 9 
13 F 3 .1 
F 2 .9 
M3 F 3.6 
F 2.8 
F 4. 3 
F 1.7 7.6 0 .016 
F 1.6 7.4 0.014 
F 1.7 0 . 016 
F 2.1 0 .024 
F 2 .9 0 .046 
N3 s 3 . 3 
03 F )4 0 0 
Table 6. Continued 
Tree numbera Speciesb 
F 
F 
Dbh 
(inches) 
Height 
(feet) 
3.4 
2.5 
Age 
(years) 
c 
40 
Basal area 
(sq . i't . ) 
8 Trees were numbered consecutively sta r ting with the letter 11A. 11 
0s ~ spruce : F ~ f ir. 
cNo observations were obtained for this variable. 
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Table 7 . Sample weights in grams 
Biomass of Biomass of 
roots less other roots 
Sample than 0 . 125 0 . 125 inch dia . Biomass 
number Speciesa inch dia . and greater of roots 
119 s 4 . 18 16 . 47 
F 1.17 9 . 89 
0 0 . 12 
72 s 4.18 16.47 
F 1.17 9 .89 
0 0 . 12 
107 s 5 . 05 34 . 96 
F 0.55 
0 1.93 
132 s 1.31 5 . 73 
F 0 . 11 
0 0 . 02 
114 s 0 . 45 
0 0 . 15 
139 s 0. 25 
0 0 .02 
156 s 7 .05 5 . 98 
F 0 . 92 
0 1.64 
84 s 1.03 2 . 00 
F 0 . 09 33 . 22 
0 0 . 26 
112 s 7.62 36.17 
F 1.18 2 . 10 
0 0 .09 
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Table 7. Continued 
Biomass of Biomass of 
roots less other roots 
Sample than 0.125 0.125 inch dia. Biomass 
number Speciesa inch dia . and greater of roots 
128 s 4.23 10.36 
F .58 
0 0.02 
75 s 9.54 3. 17 
F 2 . 02 2 .26 
0 0 .54 
59 s 7. 7l 17 . 82 
F 0 .30 
0 2. 64 
97 s 1.86 0 .53 
F 2 .08 
0 0.01 
125 s 0 .44 
F 2 .46 69 . 29 
0 0.01 
123 s 1.88 
F 2 .39 4 .61 
0 0 . 05 
14 s 4 .96 1.56 
F 3 .58 99.77 
0 0 . 22 
2 s 3. 28 6.89 
F 2.55 1.55 
0 0. 05 
82 s 7.95 0 .53 
F 3. 15 
0 0 .42 
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Table 7. Continued 
Bi omass of Biomass of 
roots less other roots 
Sa mpl e than 0.125' 0 . 125' inch dia . Biomass 
number Speciesa inch dia . and greater of roots 
127 s 15' .54 0 . 31 
F 1.98 
0 0 .12 
160 s 8 . 35 
F 1.41 
0 0 .32 
J l s 2 . 01 0 . 64 
F 0.56 0 . 69 
0 
16 s 1.45 
F 1.14 
0 o. 78 
58 s 0. 39 0 .18 
F 0 . 63 
0 0.96 
21 s 4 . 81 
F 2 .35 1.04 
0 0 . 02 
166 s 0.83 6 .65 
F 0.17 
0 0 .07 
120 s 0 . 12 0 .12 
F 0 .21 l. 70 
0 0 .13 
24 s 4. 33 2.07 
F 4.68 3.42 
0 0 .02 
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Table 7 . Conti nued 
Biomass of Biomass of 
roots l ess other roots 
Sample than 0 .125 0 .125 inch dia . Biomass 
number Specie sa inch dia . and greater of roots 
129 s 0 . 90 
F 1.14 4.62 
0 0 .20 
60 s 1.20 1.77 
F 1.30 
0 0 .55 
70 s 15.51 6 .57 
F 5 . 89 0 .31 
0 0.53 
39 s 9 . 62 3 . 76 
F 0 . 34 
0 0 .15 
67 s 4 . 73 
F 2 .07 0 .52 
0 0.86 
53 s 0 .08 6 . 77 
F 1.31 0 . 77 
0 0.22 
94 s 2 . 67 2 .49 
F 4.47 5 .87 
0 0.03 
116 s 6 .47 
F 3 .40 
0 0 . 04 
74 s 4 . 61 13 . 79 
F 1.17 131.05 
0 0.10 
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Ta ble 7. Continued 
Biomass of Biomass of 
roots less other roots 
Sample than 0 .12) 0 .12) inch dia . Biomass 
number Specie sa inch dia. and greater of roots 
57 s 3 .81 
F 2.63 
0 0 . 61 
13 s 0 . 64 
F 2 . 37 
0 0 .03 
32 s 4 . 92 LSS 
F 0 . 24 1.47 
0 0 . 21 
lOS s 3 . 00 0 .35 
F 0 . 24 
0 1.85 
1)9 s 3 . 35 
F 0 .43 
0 0 . 02 
146 s 3 . 78 
F o.ss 
0 0 .92 
56 s 3 .49 
F 1.46 2 . 90 
0 2. 70 
140 s 2 . 69 0 .)3 
F 2 . 22 11.10 
0 0 . 68 
63 s 3 . 80 23 . 78 
F 0 . 32 
0 0 . 21 
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Table 7. Continued 
Biomass of Biomass of 
roots less other roots 
Sampl e than 0 . 125 0 .125 inch dia . Bi omass 
number Speciesa inch dia . and greater of roots 
158 s 5 . 92 2 .64 
F 1.17 0 . 20 
0 0.28 
135 s 3 . 01 2 . 88 
F 0 .31 
0 1.85 
69 s 1.65 4 . 98 
F 2 .51 
0 0 .02 
104 s 0 . 28 33 .31 
F 0 . 16 0 . 68 
0 0 .33 
96 s 0 .05 3 . 24 
0 0 . 68 
6 s 1.20 
F 0 .56 84 . 92 
0 0 .03 
27 s 5 . 7l 
F 7. 76 0 .44 
0 1. 69 
45 s 6 .12 
F 5 . 96 
0 0 .81 
5 s 4 . 70 
F 5 .84 0 .89 
0 0 .54 
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Table 7. Continued 
Biomass of Biomass of 
roots less other roots 
Sample than 0 .125 0.125 inch dia . Bi oma ss 
number Speciesa inch dia. and greater of roots 
7 s 6 .81 5 . 79 
F 3. 7l 35.10 
0 0 .30 
87 s 3 . 20 
F 1.90 
0 0 . 35 
167 s 6 . 20 6 . 65 
F 1.80 1.10 
0 0 . 30 
89 s 8 .10 
F 4.00 0 . 15 
0 0.15 
25 s 2.46 6 .10 
F 2 .02 1.88 
0 0 . 21 
61 s 8 .30 12.46 
F 3. 19 
0 O.ll 
aE Engelmann spruce , S Subalpine fir, 0 = other 
Table 8 . Sampl e number corresponding to trees paired for location of 
root samples 
Sample number 
2 
5 
6 
7 
13 
14 
16 
21 
24 
25 
27 
31 
32 
39 
45 
53 
56 
57 
58 
59 
60 
61 
63 
67 
69 
70 
72 
74 
75 
82 
84 
87 
89 
94 
96 
97 
104 
105 
107 
112 
114 
116 
119 
120 
123 
125 
Trees paired 
9- 12 
9-32 
9-Gl 
9-Jl 
9- l 
9-26 
9-11 
8-Gl 
8- 20 
8-2 1 
8- 19 
8-11 
12- 13 
12- 21 
12- ll 
13- 22 
13- 26 
13-2 7 
13- ll 
2- 32 
2-Gl 
2- 31 
2- 20 
2- 1 
2-2 7 
2-ll 
32 -31 
32 - 20 
32-21 
G1- 31 
Gl-20 
G1- 19 
Gl- 26 
31-21 
31- 19 
31- 1 
25 - 19 
25- l 
25-2 7 
20- 1 
20-27 
21-22 
21- 26 
21- 27 
22- 1 
22-2 7 
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Table 8. Continued 
Sample number 
127 
128 
129 
132 
135 
139 
140 
146 
156 
158 
159 
160 
166 
167 
Trees paired 
19- 1 
19- 26 
19-2 7 
1-2 7 
26-n 
K2 - 12 
K2-13 
K2-20 
16-12 
16- 2 
16- 32 
l6-G1 
16- 19 
16- l 
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Plot # 
Tree {t Spec Age Ht . dbh 
TOTAlS 
Fi gure 4. Da t a summary sheet . 
DATA SUMMARY SHEET 
Root Biomass--Sp._ Fir Total 
BA BA~ Age X ht Dbh x ht Dbh<' X ht Age x Dbh HfZ DbfiZ , 
\n 
0 
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